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the Nanoracks deployer is ideal for ISS missions at 425 km. A Test Particle Monte Carlo (TPMC using individual atoms) software program was developed from first principles to successfully calculate drag forces and torques in the quasi-collisionless ELEO atmosphere. On January 26, 2015 ELEO-Sat was one of the winning proposals to move to a Phase 2 and launch opportunity with new student funding.
To prepare students for advanced satellite projects the HARP balloon launches serve to introduce real end-to-end flight opportunities to study the upper atmosphere (up to 32 km) and test flight sensors, mechanisms, and bus systems. To help other small universities and colleges to implement a nano-satellite or HARP program, three spinoff companies have been started over the past few years for purchasing complete HARP turnkey systems, purchasing express launch service, and providing satellite communication and power system products. The ability for students to meet deadlines, appreciate system integration delays, understand subsystem sensor calibrations, observe software faults, recognize reliability issues, grow from failures, and properly interpret and display real data are some of the benefits of HARP.
Why Teach a Challenging Project Course: Objectives
Assuming most BS engineering students are motivated by real world proficiencies that are challenging and inspiring and assuming that employers and graduate schools are interested in exceptional experience and ability then advanced projects prepare graduates well. Traditional "small stepping" lab and project classes serve a real purpose but can be limited and geared more for workforce literacy ("Cubicle" engineers). Challenging projects give students freedom and ownership while driving and amplifying their problem solving skills with some failure and creative feedback solutions. Appropriate and inspiring big projects better prepare students for advanced leadership by doing advanced engineering and "swimming with the Big Boys" in national competitions, peer reviewed publications, and selective job interviews.
Advantages
Real world and challenging experiences for students have many advantages:
• improved student resume and career opportunities • are significant for attracting top students and faculty • generate publicity and STEM public relations • enhance publications and academic stature • help retain department students • stimulate faculty in cutting edge innovations • create an entrepreneurial and fun atmosphere • augment faculty and student income with external funding ($)
• bring in mentors and professional reviewers • improve society by connecting to real problems of student interest • overcome fears and failures • build teamwork and multidisciplinary skills • show students how to be leaders by teachers and students being leaders in the classroom Page 26.1181.3
Major advances can be made at the undergraduate level by setting the bar high and mentoring students with an environment similar to realistic job or graduate research expectations. The target outcome is for undergraduates to be at a master's thesis level when they graduate with many on-job skill sets. With manifold new teaching tools, equipment advances, software analysis tools, search engines, 3-D printers, and better ways of teaching, our expectation should move far beyond conventional engineering BS, FE and ABET teaching outcomes.
Negatives
Some negative aspects of challenging projects include:
• finding capable faculty who know how to innovate and mentor students • the extra time and paperwork required to maintain a funded program • real deadlines and risk of failure • student lack of responsibility at times
• recovery from problems • conflict with other student priorities • schedule conflicts • requiring good technician and shop support
• maintaining a program with critical mass staff • travel
Unfortunately there can also be pushback from some traditional "pure academic" faculty who frown on workload expectations and view applied work as a distraction. Some other faculty without industry work experience may have little value for understanding the priority to apply theory to productive and creative work required on the job. Applied, competition projects, business-ready learning, and entrepreneurial playground can be in conflict philosophically with traditional knowledge based labs and teaching, collective group behavior, business as usual, and "don't rock the boat" leadership. Care must also be given to student load hours where some faculty resent the many hours that students spend enthusiastically working on their projects at the perceived expense of their other class areas. Accurate student time tracking is required.
Administration, Admissions, and Advancement departments and most faculty and students are strong supporters of Big and challenging projects while Finance Departments in small schools (Government paperwork, FARS, proposals, indirect cost, reports, and deadlines) and some faculty can understandably look at real world and challenging projects as diversions, too applied, and a waste of resources. A strong department is diverse and usually one that encourages and has a mixture of different teaching styles, scholarship contributions, and faculty gifting so that students receive a better well-rounded education. The negative aspects of entrepreneurship and innovation are real and must be taken seriously, mediated, and addressed in the particular working environment.
Many types of Big Challenge Undergrad Projects in the last 15 years
Major education and discovery advances can be made at the This paper is focused on the merits, implementation, and evaluation of aerospace satellite and balloon Big Idea projects.
How a Class is taught: Pedagogy
Big Idea projects are introduced in several classes at different levels. HARP balloon flights are used in the core general education Introduction to Astronomy Lab class (PHY201) for teaching, student participation in the scientific method, and student major growth in STEM education. HARP has also been used effectively for labs in several of the engineering classes (Introduction to Electronics, Fundamentals of Space Flight Systems, Principles of Engineering, Advanced Lab Projects, and in the senior Capstone classes). The balloon experiments are particularly good and fun for preparing students for developing more advanced satellites, testing flight hardware, experiencing teamwork and realistic schedules, performing data analysis and teaching students how to build real designs that work under ruggedized conditions from end to end.
The Taylor, Technology, and TEST Satellite (TSAT) was mostly developed by the 2012-2013 Capstone class and became Indiana's first satellite when it was launched and successfully put into orbit on April 18, 2014. The first data communication took place 11 seconds after power was activated. The satellite also implemented for the first time a satellite-to-satellite link to the Globalstar network of phone satellites for the new 24/7 capability global data coverage. Furthermore, no ground station was required since all of the TSAT data from Globalstar was Page 26.1181.5 transferred via the internet. 6 The Capstone class submitted an undergraduate student proposal called Extremely Low Earth Orbit (ELEO) Satellite to the AFOSR University nanosat program in 2013. It was selected as one of the final 10 contestants and funded for Phase 1 at $110K. After a 2 year competition by the 2013-2015 Capstone classes, the ELEO satellite was selected on January 26, 2015 as one of the top 5 satellites for a Phase 2 final development for launch.
The TSAT and ELEO-Sat project provides a unique opportunity for student learning through a real-world design experience. Hands-on satellite development helps students develop important career skills such as teamwork, systems engineering, and integration. Students learn the importance of deadlines and scheduling throughout the design and development process. A high expectation level encourages students to produce quality work and to present it with competency at design reviews with the Air Force and industry professionals. The design process provides insight into the professional world and teaches students to develop individual subsystems within a team. Working on projects like ELEO-Sat equips students from many disciplines with skills they need for the future. Collaboration between non-capstone students, professors, and engineering students benefits student learning as a whole.
Capstone Class Structure and Selections
Near the end of the Junior academic year, students pick their project given a choice from faculty of 4 or 5 areas of interest and potential funding. For the last several years the students picked the TSAT and ELEO-Sat projects because of their interest and faculty expertise.
The Capstone satellite class is structured similar to the industrial environment to help better prepare students after graduation and to win job interviews. A class run like a business is eye opening to the students when they realize that they have team responsibility and commitment to understand, design, and deliver their subsystems on schedule. After initial discussions each student selects their particular subsystem project. The students are required to work in interdisciplinary teams with student each having their own subsystem to design and deliver. Page 26.1181.6
Individual student design responsibility is important for evaluation, problem solving, overcoming fears, and minimizing excuses. When we tried to put students together in teams of two or three the ambitious or sharp student would carry most of the load and the weaker or disengaged student would become passive.
The student team Project Manager (PM) and Project Engineer (PE) are crucial for project success. After we get to know a few of the students at the end of their Junior year it becomes obvious who the best PM and PE candidates are. After talking with all of the students and individually with each student a consensus is made for PM and PE and agreed to at the start of the project. For TSAT we had an exceptional team leader who set the marks for the rest of the team and demonstrated servant leadership to cover many of the gaps in documentation and hardware. For the last two years on the ELEO-Sat project we realized that we would prefer to get a Junior as our Capstone PM so that there would be a better hand off the next year since ELEO-Sat was a two year project. A beginning junior female engineering student was very interested in this role with her organizational and management abilities and served as the PM by taking an Advanced Projects Elective class. Although she was an excellent student she had been thinking of leaving the major since she did not picture herself as an engineer in a box (cubicle). She has run the program superbly for the past two years and has many high level engineering job offers in the Aerospace industry and has given over 10 briefings to top Air Force reviewers, Space Experiments Review Board (SERB), and Competition officials.
Learning is encouraged through participation in conferences and workshops such as the SmallSat Conference in Logan, Utah in August, the Student Hands-On Training (SHOT) Workshop, and the CubeSat Developers' Workshop. The SHOT Workshop and SmallSat Conference were held during the summer of 2013; more than half of the Taylor University team attended one or both events. The focus of the SHOT workshop is to teach small teams from each university the skills necessary to assemble a balloon satellite, which is a low-level satellite prototype for a high altitude balloon launch. The SmallSat conference introduced students to new small satellite technology and developments. Those who attended received an excellent learning experience regardless of their engineering background. 5 The University Nanosatellite Program (UNP) also provides mentorship for each team. Each UNP team is assigned a point of contact (PoC) at the Air Force Research Labs (AFRL). The point of contact can provide technical guidance for the design process and connect a team with expert contacts for further assistance. Contacts provided by a PoC sometimes become additional mentors on the project.
Design Process
The Syllabus for the Capstone class is given in Appendix 1 and illustrates the structure that is used for the class. The design process in the engineering capstone course facilitates end-to-end design and traces ABET a-k objectives. Figure 1 is a diagram, adapted from Ford-Coulston 2008 8 , that illustrates how the engineering capstone course connects the ABET a-k objectives ( Figure 1 below) to an intentional, directed, thoughtful, and sustainable design process. The curriculum emphasizes each of the four design processes at different points in the course as indicated by the associated dates. The multiple node lines in the decagon represent many feedback and discussion pathways. The black abbreviations underneath the process headings indicate documents required within each phase and the highlighted outcomes indicate ABET a-k objectives linked to each process and stage of the design. Additionally, the design process is guided by UNP standards for design reviews. Review deliverables, e.g. concept, breadboard, brass board, are expected at the reviews indicated, e.g. SRR, PDR, CDR.
The required formal documentation for the ELEO Capstone students is shown in Table 1 . All of the documents are on display in the department and in the ABET library. As the documentation was being completed a red card indicated much work was still required, a yellow card that most of the document was completed and a green card when the document was completed. This greatly helped the students to see the scope of the work and our progress.
In addition to the above documentation the students developed three concept review documents and presentations before the PDR document. One of the most difficult assignments for students was the need to keep an updated notebook of all of their work and a detailed logbook that included a spreadsheet of their hours.
HARP Program Case Study
High-altitude balloon launches provide low-cost access to near space and give general education and upper level students the opportunity to experience firsthand the excitement of real science in a relatively unexplored region of the stratosphere. Small balloons achieve heights of 32 km and can carry payloads of up to 4 kgs without needing special FAA waivers. The flight passes through the troposphere, tropopause, most of the ozone layer, and up through 98-99% of the atmosphere (Figure 2) . A balloon travels for about 2-6 hours and covers a horizontal distance of 0 to over 200 km. To date we have launched over 350 balloons and have recovered over 99% due to the reliable and redundant GPS flight computer transceiver system, the ideal launch conditions in Indiana (road access, few trees, flat farm land and good neighbors), and experienced recovery teams ( Figure 4 ).
The use of balloons for real projects significantly invigorates and expedites development and teamwork, teaches problem solving and instructor mentoring, drives schedule and creativity, uncovers unexpected problems, permits end-to-end testing, helps students understand failure and workmanship principles, gives a real environmental check (significant thermal vacuum and free-fall vibration tests), and forces completion and validation of the flight and ground station software. Figure 3 illustrates some of the program operational logistics. 
Table 1: Documentation
Specifically, the HARP balloon experiments help students 1) learn the Scientific Method (hypothesis, test, observe, analyze, interpret, predict, repeat, document), 2) learn some hands-on technical skills (design, soldering, fabrication, electronics, assembly, and team work), 3) learn engineering principles (heat transfer, sensors, GPS, communication links, optics, remote imaging, and data processing), 4) learn atmospheric variables (pressure, temperature, wind, troposphere, stratosphere, humidity, dynamics, and others), 5) obtain physics knowledge (fundamental equations, radiation, acceleration, Archimedes principle, etc.), 6) apply data analysis skills (using Excel, handling noisy data, plotting profiles, creating log plots, and applying different plot formats), and 7) documentation (Wiki reports, team report, presentation, and resume). The objective is for students to have fun, efficiently learn, value science, improve in STEM, and advance in critical thinking skills 2 . High-altitude balloon training, hands-on experience, and quick turn-around are foundational to student advancement into more complex experiments such as aerospace and satellite system projects. Without experiencing real flight and some failure feedback it is hard for students to understand the importance of Requirements, sensor noise, workmanship and Quality Assurance, test fixtures, calibration, turn on procedures, clean documentation and configuration control, Concepts-of-Operations (Con-Ops), Program Management and schedule, and ground station software.
TSAT Example Case Study
Our 2012-2013 Senior Capstone class ( Figure 5 ) helped create the dual-cube nano-satellite, TSAT, with space weather instrumentation into low earth orbit. Figure 5 . Capstone students working on the TSAT and ELEO satellites A conceptual diagram of TSAT is shown in Figure 6 . The 2U spacecraft has dimensions of 10 X 10 X 20 cm and was successfully launched alongside the 1U PhoneSat spacecraft by the Cal Poly P-Pod launcher as part of the ELaNa 5 program (see Figure 7) on the SpaceX CRS-3 ISS resupply mission.
The satellite was aerodynamically stabilized in the ram direction by designing the Center of Gravity 2 cm forward of the centerline. Small fins on the back (+Z side) created additional drag to move the center-of-pressure behind the centerline and resulted in a restoring torque. Test Particle Monte Carlo (TPMC) simulations with individual atoms were used to calculate restoring torques, forces, and drag coefficients. Above 160 km, the TSAT was in a free molecular flow region, then entered into a transition region (120-160km), and finally into a hypersonic continuum flow below 120 km. A shock wave (red line, Figure 6 ) was produced by the 7 km/s orbital velocity. Three orthogonal sheets of mu-metal were used for damping spin in the earth's magnetic field at higher altitudes. The magnetometer, sun, and temperature signals are still being analyzed to better understand TSAT orientation during the different phases of the flight.
Each of the four 10 X 20 cm walls included a PCB board for mounting the GaAs solar arrays (green, Figure 6 ) and a temperature sensor (red dots, Figure 6 ). The 3-axis magnetometer was located on the +Z side end cap and within the EMI shield wall. The Plasma probe was biased at 4.1 Volt when not sweeping to collect electron charge (-& + plasma) over 5 orders of magnitude with a log amplifier. The plasma probe and simplex patch antenna were mounted to the -Z endplate and faced the ram flow direction as shown.
The TSAT frame structure was designed and fabricated on a CNC by students. The student sensor suite was also included in the design. Not all of the sensors qualified for the TSAT flight, but are scheduled for the next UNP flight. The design of the student suite is discussed in four student ASEE papers The Globalstar communication system gave about an 80% throughput of data. The satellite operated in a burst mode to conserve power. TSAT was on for 3 min and then off for 15 min. This operation permitted TSAT to operate effectively for its entire mission until it decayed into the meteor region below 110 km. These new results indicate the promising exploration of the lower ionosphere.
The orbit geometry for the last packet (highlighted area just west of Mexico on the night side) is shown in Figure 8 using the SatPC32 tracker map. The final reentry location and burn-up was projected by NORAD to be over Italy at 4:01 UT. The last sequence of packets at 3:39 UT is consistent with data being transferred through the Globalstar satellites to . TSAT location of last data packets (~110km) and illustrated bent pipe data paths to the Globalstar satellites to gateways in Peru, Venezuela, and Canada. (Voss et al. 2014) ground stations in Venezuela, Peru, and Canada. Predictions from the TLE/SGP4 orbits also placed TSAT over Italy at time of reentry burn-up.
TSAT Reentry heating near 110 km
The new Globalstar satellite to satellite communication link permits new measurements in the ELEO region down to unprecedented low altitudes (<110km). During this time, the PCB board temperature increased to 45 degrees C and was rising at about 20 degrees/minute. On previous packets, the temperature averaged -10 degrees C, so the temperature increase was about 55 degrees from the previous packets, and was increasing rapidly. TSAT was still functioning at this point in its mode of conserving electrical power. These results give a new tool for making measurements with satellites in the lower ionosphere. Students are currently studying the rich database from TSAT for publication.
Plasma Measurements with Langmuir Probe
The Plasma Probe instrument operated at a fixed voltage most of the time, but was also programmed to sweep in voltage from 0 to 5 volts. A preliminary plot of electron density is shown in Figure 9 as a composite for the entire mission (Voss et al. 2014 ). For each 10 kilometers of altitude, the median plasma density was calculated. Figure 9 is essentially a "quick look" graph representing plasma probe median electron density by altitude for the entire mission. Further analysis and correction for other factors such as temperature variation will be conducted in the coming weeks.
The ionospheric E-F boundary is the most prominent feature at 200 to 220 km. The F region median density is about 10 6 electrons/cm 3, while the E region is about 2*10 3 electrons/cm 3 . The electron density profile may be extended down to lower altitudes, now that the TSAT drag model has provided a clearer picture of the altitude versus time profile. The plasma data was collected in small batches because of the duty cycling of the instrument, in order to conserve power.
ELEO-Sat Example Case Study
Extremely Low Earth Orbit (ELEO) satellites may open up, "A new space region of exploration for understanding our global sun and earth connection" 6 . At present the near earth space region between 40 and 300 km is vastly underexplored, since only sounding rocket flights (about 20 min) can take measurements in this region at only one location (see Figure 10) . LEO satellites, when orbiting below 300 km altitude, spiral into the atmosphere within several days to weeks and simply are not cost efficient to explore this region of space. The new class of proposed ELEO satellites are aerodynamic, with a high ballistic coefficient, so that they can make measurements down to 120 km, and possibly lower, relaying their data immediately to a satellite network. ELEO-Sats are typically launched at altitudes between 325 to 425 km, and spiral in over several weeks with an earth orbit period of about 90 minutes. By using many low cost and small ELEO CubeSats, this relatively unexplored region will likely reveal interesting atmospheric science. Some of the reasons for opening this new window into the earth's environment are: 1) ELEO orbits rides are very low cost and many are available, 2) to better understand the Sun-Earth climate connections, it is critical to make global measurements in the 100-250km region, 3) being an unexplored space region, many new discoveries are expected, 4) current atmospheric models could be validated or corrected with real data from this region, and 5) the recent availability of a global communication network like Globalstar, with near real time data access from the internet, permits data collection above the "black-out" region anywhere on the earth.
In the future, ELEO orbits could use high efficiency ion engines to add impulse to compensate for drag. Tether systems could help transform orbital energy into power at high altitudes when drag is low. Furthermore, when an ELEO-Sat enters the reentry region near 80 km, future designs could allow for the heavy exoskeleton and batteries to be jettisoned, while a springdampened Kevlar chute could permit instrument reentry and continued measurements as a dropsonde. It is expected that many relatively low-cost rides will become available to ELEO orbits in the future. Figure 10 . The purpose of the aerodynamic ELEO-SAT is to map and explore the ionosphere and atmosphere in the ELEO region (120 to 325 km). While sounding rockets probe this region (vertical profile at one location) for tens of minutes, the ELEO-SAT will make unique horizontal and global cuts and measurements for over 600 orbits on the order of five weeks.
UNP-8 ELEO-Sat
Taylor University's next student-developed nanosatellite is ELEO-Sat (Figure 11 ). The primary mission of ELEO-Sat is to explore the 120-350 km region of the ionosphere 7 . The ELEO-Sat mission may be broken down into scientific and technical objectives of 1) developing an open source database of in-situ wave, particle, and plasma ionosphere measurements, and 2) demonstrating new and innovative spacecraft technologies. Key features of the satellite are the science instrument bay, the aerodynamic craft structure, the exterior boom design, the Globalstar communications unit, and a novel in-situ ion engine 7 ( Figure 12 ). 
Monte Carlo Drag Simulation
In order to extend spacecraft lifetime in ELEO orbits, the drag coefficient needs to be understood and reduced. For aerodynamic stabilization, the forces and torques also need to be computed in the different flow regimes, from free molecular flow to hypersonic continuum flow below 120 km. Using millions of Test Particle atoms the complex fluid behavior was investigated to obtain torques and forces on the spacecraft (Figure 13 ). From these the drag coefficient could be obtained and the stability of aerodynamic pointing quantified ( Table 2 ).
The ELEO-Sat simulation results show that as the cross section is decreased and the ram structure becomes more pointed (streamlined), the drag drops significantly. TSAT, with its flat ram direction shape and full surface area of 100 cm 2 , was not very aerodynamic, but still had one of the longest lifetimes of the ELaNa-5 CubeSats. Figure 14 ) and Risk Management in UNP are an important part for student planning, understanding the finished product and completing Test Procedures. The AF gave the students a series of eight Expert Area Teleconference (EAT) interactive sessions that were very helpful to the students and faculty. 
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Assessments
Assessment data were collected on the Balloon HARP launches from over 1,470 students from a number of universities that were part of our NSF funded CCLI grant. The ElaNa launch student proposal was approved by NASA for the TSAT launch. The students' creativity and craftsmanship were evident from the mission success for a very difficult challenge. The Student ELEO Proposal was in competition with over 25 research universities and was selected as one of the top ten universities. The final competition review placed ELEO-Sat in the top five for a Phase 2 funding including launch costs. The six year ABET review placed the satellite program and its summer internships as one of the key strengths of the department. Students published eight papers in the regional ASEE meeting over the past two years and have received a first place student paper award and a second and third place presentation award. In addition, alumni were interviewed and all of them that responded gave very high marks to the satellite and Big Program approach that they experienced.
HARP Assessment of College Students
A study assessing the impact of high altitude ballooning on 1,470 students from 16 different universities and 51 classes was completed through Taylor University's two NSF grants. The study included students answering a series of self-assessment questions before and after ballooning projects in the classroom. significant increases in student learning occurred as a result of using ballooning in undergraduate classes. 
Assessment of College Professors/Instructors
Thirty-two professors/instructors at universities using high altitude ballooning responded to a survey assessing how high altitude ballooning has impacted their ability to teach STEM courses. In general, the respondents felt that implementing high altitude ballooning into their courses had a significant impact on their ability to teach. A summary of the results is shown in Table 4 . 
Statement
Avg. Rating I see the educational potential of high altitude ballooning 5.8 High altitude ballooning enhanced my ability to have students apply the concepts that they learned from my classes
5.1
High altitude ballooning enhanced my ability to inspire students to be creative with science and technology
5.2
High altitude ballooning enhanced my ability to stimulate an interest in students for science using a hands-on project
5.4
High altitude ballooning enhanced my ability to engage students in problem solving activities that are challenging
5.5
High altitude ballooning enhanced my ability to help students excel beyond what has been done before
5.1
High altitude ballooning enhanced my ability to enable students to have ownership in the learning process
5.3
High altitude ballooning enhanced my ability to have students learn how to work as a team 5.5 High altitude ballooning enhanced my ability to have students see that cooperation is needed in order to be successful
5.4
I see the value of ballooning in creating a learning environment where students monitor their thinking in order to accomplish the task
5.3
I see the value of ballooning in giving students freedom and control to take ownership of a research project
5.6
High altitude ballooning has enhanced my ability to have students select a strategy to accomplish the mission objective
5.0
High altitude ballooning has enhanced my ability to have students predict their results 5.1 High altitude ballooning has enhanced my ability to have students handle obstacles that are encountered
5.4
High altitude ballooning has enhanced my ability to teach students how to complete a specific task within a project timeline
High altitude ballooning has enhanced my ability to have students keep in mind possible obstacles and errors
TSAT and ELEO Satellite Documentation and ASEE Publications
Another assessment marker was the evaluation of all of the documentation (Figure 15 ) by Engineers at the AF. In addition, the students gave their Critical Design Review (CDR) for TSAT to an engineering review panel at the ITT Aerospace (Exelis) company and were questioned and approved for their work. For ELEO-Sat the AF flew four engineer reviewers to our university for a 12 hr. student design review. In competition the students were commended for their thoughtful work.
The students also worked in four small groups to write four professional engineering papers for the ASEE regional conference. Each student group was assigned a faculty member to help them edit their work. All four ASEE student papers on TSAT were peer reviewed by an ASEE committee and were all accepted for publication and presentation. In addition, each student presented a Poster Document at the regional ASEE meeting in competition with other engineering capstone projects from other schools. Our students received a second and third place award out of the 30 student posters which included many Capstone projects.
In addition, the next year Capstone class wrote four peer reviewed papers on ELEO-Sat for presentation at the Regional ASEE conference at Rose-Hulman Institute of Technology, IN. In this conference our students received first place for their satellite work. Also included in assessment is individual progress on the hardware subsystems, software architectures, CAD mechanical drawings, thermal and testing methodologies, and overall design process. Project management, Work Breakdown Structure, Bill of Materials, schedules, and overall status were also assessed by faculty members in individual meetings throughout each semester.
The Capstone class faculty assessment was consistent with the student assessment questionnaire. The student assessments to the question "Did the Capstone experience open your eyes and abilities to better implement the full design process and accomplish many of the ABET objectives A through K?", resulted in 86% students with the highest mark ("Strongly Agree") and 14% with a reply "Agree" giving a score of 3.9 out of a 4.0 scale. A student (S1) comment associated with this question is, "I learned tons about timing, prototyping, testing, failure analysis, project management, and much more".
Assessment of the quality of a national level project with documentation and lab work was excellent. This is also similar to what the students reported in the questionnaire assignment. A second question received a 3.7 score, from 71% "Strongly Agree" response and 29% "Agree" response. The question was, "Do you value that TSAT and ELEO-Sat are national level projects with interaction with other universities (ASEE, UNP), students, industry (ITT Aerospace), NASA and the Air Force and undertake important research?" Student comments (S4, S6, and S7) stated the following: "This project, and its level of recognition, means a lot to me. I would not feel I was getting my money's worth in the engineering curriculum if we did not have this sort of project, and I may have considered transferring schools", "This experience has been priceless to put on a resume and learn what industry is like. I hope more students have this opportunity.", and "everyone seemed shocked".
Grading for the capstone course is based on each student's weekly status and spreadsheet reports, the formal design reviews, all formal documentation, the hands-on design and prototyping and testing of their systems, the team effort to integrate their PC boards, SolidWorks mechanical drawings, each student's completion and acceptance of their ASEE papers and Posters, the oral, individual finals taken each semester, each student's detailed Design Notebooks, and a final analysis of each student's weaknesses and strengths. A spreadsheet was made of all their points. Also shown in the table below is the grading rubric, Table 5 , for last semester's 3 hour Capstone class. 
ABET Six Year Evaluation of Program
During our six year ABET engineering program evaluation in 2013 the evaluation committee identified three Department strengths. The TSAT and ELEO-Sat projects were one of the strengths. The summer practicums for most of our students was another based in part on the AF internship ELEO funding. Summer work for Freshmen and Sophomores advances their overall engineering proficiency and ensures better success in the classroom. 
Typical Example Quotes from Alumni Surveys
How to implement your own Program
Starting a Balloon program can be a difficult process since there are so many system choices, a myriad of parts (Figure 16 ), and risks associated with developing a sustainable program. The good news is that there has been much progress in the past few years in miniaturized electronics, communication technology, and groups that can now collaborate and help. For example, many universities are now trained in balloon flight through workshops, a number of new companies have started to help make launching a balloon much easier, more excellent publications are available, and there are good professional and amateur organizations that also help 9 . The Academic High Altitude Balloon Figure 16 . This is a picture of a Flat Sat that was tested in a HARP balloon flight. The launch opportunity allowed students to understand the importance of integration, calibration, cabling and workmanship for a satellite system. Typically it takes three launches with failures for students to learn the design process and have success.
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Conference (AHAC) encourages participation in Open Source information to contribute to growth.
Balloon Flight Options and Technology
For those starting high altitude ballooning or wanting to upgrade their portfolio there are a number of technology options. The most complex and demanding part of a balloon system is coming up with a reliable flight processor and communication system that has high performance. These are summarized in the following Table 6 . Communication units include 1) using APRS ham radio tracking on the 2m band (whip antenna), 2) using spread spectrum on the commercial International (ISM) band at 900+MHz, 3) using a ground based Globalstar (Figure 17 ) tracker device called SPOT (slow rates) which can be purchased at many sport and electronics stores (also requires a data plan), and 4) using a high altitude and high data rate Globalstar modem operating near 1.6 GHz and using a 1 inch square patch antenna purchased from NearSpace Launch with HARP Value Added Reseller (VAR) License and FCC license included.
From Table 6 it can also be seen that there are eight basic approaches to design and operation of your system depending on your objectives: 1) Build your own system, 2) buy a full working system, 3) buy a high-data-rate All-in-one flight data and communication system, 4) buy a medium-data-rate All-in-one system, 5) build only your payloads and let a Launch-for-Hire group launch your experiments while you watch live (in person) or watch live on the internet, 6) buy or build a simple tether balloon system for testing experiments and teaching, 7) buy a low cost disposable data and tracking system that you attach your experiments to and watch your launch live while your data streams live on the internet without the need to recover payloads because of difficult terrain, and finally 8) just fly a simple data logger to a SD card with a simple tracking device for chase and recovery. 
How to implement your own program
The HARP Balloons and Satellite Design projects by the AF University Nanosatellite Program and NASA ELaNa Program allow students the opportunity to develop a project with real-world scientific relevance. Student involvement in satellite design promotes creativity, ingenuity, and the development of vital engineering skills that are applicable to a wide range of engineering disciplines. Student response is very positive: "The educational value of satellite design in a capstone course cannot be overemphasized" 7 . The target outcome for investment in challenging educational projects is for undergraduates to be at a master's thesis level when they graduate with many on-job skill sets. With manifold new teaching tools, equipment advances, software analysis tools, search engines, 3-D printers, and better ways of teaching, our expectation should move far beyond conventional engineering BS, FE and ABET teaching outcomes 10 . Location: engineering_capstone Facilities Plan: We plan to meet in NS 210 General Lab room, NS303 New Sensor Lab, NS214 Conference room, the EU000 Machine Shop in lower level, NS014 Clean rooms near the loading dock area, and the 3-D Printing Project Room. Notebook, Logbook, and Documentation: For your professional growth it is very important you keep a well-organized and neat notebook of all your Capstone activities. This is also very important for ABET and for our self-study to see the depth and breadth of your understanding wrt to the design process, your overall capacities, and other creative abilities you are gifted with. We may include some of these for the ABET review team to review as well. Book library will be located in the Sensor Lab.
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